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In this work we calculate the production
cross section of charmonia in p+p collisions
at
√
s = 7 TeV using Non Relativistic QCD

(NRQCD) formalism. Under NRQCD the
cross-section for direct production of a reso-
nance H in a collision of particle A and B can
be expressed in factorized form
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where, Ga/A(Gb/B) is the parton distribu-
tion function (PDF) of the incoming parton
a(b) in the incident hadron A(B), which de-
pends on the momentum fraction xa(xb) and
the factorization scale µF . The short dis-
tance contribution dσ/dt̂ can be calculated
within the framework of perturbative QCD
(pQCD). (ab →(2S+1) LJc) are nonperturba-
tive LDMEs and can be estimated by compar-
ison with experimental measurements.

Charmonia Production in p+p
collisions

The dominant processes in evaluating the
differential yields of heavy quarkonia as a
function of pT are g+q → H+q, q+q̄ → H+g
and g + g → H + g, where H refers to the
heavy meson. The differential cross-section for
the short distance contribution i.e. the heavy
quark pair production from the reaction of the
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FIG. 1: Differential production cross-section of
J/ψ as a function of pT compared with the CMS
measurement.

type a + b → c + d can be written as [1]
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dpT dy
=

∫
dxaGa/A(xa, µ

2
F )

Gb/B(xb, µ
2
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(1)

where,
√
s being the total energy in the centre-

of-mass and y is the rapidity of the QQ̄ pair.
In our calculations we use CTEQ6M [2] for the
parton distribution functions. The invariant
differential cross-section is given by

dσ

dt̂
=
|M|2

16πŝ2
, (2)

where ŝ and t̂ are the parton level Mandelstam
variables andM is the feynman amplitude for
the process. The LDMEs are predicted to
scale with a definite power of the relative ve-
locity v of the heavy constituents inside QQ̄
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FIG. 2: Differential production cross-section of
ψ(2S) as a function of pT compared with the CMS
measurement.

bound states. In the limit v << 1, the pro-

duction of quarkonium is based on the 3S
[1]
1

and 3P
[1]
J (J = 0,1,2) Color Singlet states and

1S
[8]
0 , 3S

[8]
1 and 3P

[8]
J Color Octet states. In

our calculations, we used the expressions for
the short distance CS cross-sections given in
Refs. [3–5] and the CO cross-sections given in
Refs. [6, 7].

Results and discussion
For J/ψ production in p+p collisions, three

sources need to be considered: direct J/ψ pro-
duction, feed-down contributions to the J/ψ
from the decay of heavier charmonium states,
predominantly from ψ(2S), χc0, χc1 and χc2

and J/ψ from weak decay of B hadron de-
cays. The sum of the first two sources is called
”prompt J/ψ” and the third source is called
”J/ψ from B”. Figure 1 shows the differential
production cross-section of prompt J/ψ as a
function of transeverse momentum (pT ) com-
pared with the CMS measurements [8]. We
have calculated differential production cross-
sections for all the relevant resonances. These
cross sections are then appropriately scaled
with proper branching fractions and total
cross section for prompt J/ψ is calculated and
shown in Fig. 1. The ψ(2S) has largest con-
tribution at high pT while at low pT contribu-
tion from χc1 and χc2 exceed the ψ(2S) con-

tribution. After adding all the contributions,
the pT dependence of prompt J/ψ differential
production cross-section are described reason-
ably well by our calculations. The ψ(2S) has
no significant feed-down contributions from
higher mass states. We call this direct con-
tribution as ”prompt ψ(2S)” to be consistent
with the J/ψ calculations. Figure 2 shows the
differential production cross-section of prompt
ψ(2S) as a function of pT compared with the
CMS measurements [8]. Here also our calcu-
lations qualitatively reproduced the mesaured
cross section.

Summary
We have calculated the differential produc-

tion cross-section of prompt J/ψ and prompt
ψ(2S) as a function of transverse momen-
tum. For the J/ψ meson all the relevent con-
tributions from higher mass states are esti-
mated. The ψ(2S) meson does not have sig-
nificant contributions from higher mass states.
The calculations for prompt J/ψ and prompt
ψ(2S) are compared with the measured data
at LHC. A fairly good agreement between
measured data and calculations is observed
in low pT range. The reevaluation of LDME
is in progress using latest data from LHC to
achieve good description of data in the whole
pT range.
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